Introduction
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Each year, about 4% of the global vegetated area is burned (Giglio et 
132
Finally, we outline the FireMIP philosophy and approach to model benchmarking and evaluation.
134
The controls on fire
135
Fire is driven by complex interactions between climate, vegetation and people (Fig. 1) , the importance of which vary 136 depending on temporal and spatial scales. On meteorological time scales (i.e., minutes to days) and limited spatial 137 scales (i.e. metres to kilometres), atmospheric circulation patterns and moisture advection determine the location,
138
incidence and intensity of lightning storms that produce fire ignitions. Weather and vegetation state also determine 139 surface wind speeds and vapour-pressure gradients, and hence the rates of fuel drying, which in turn affect the 140 probability of combustion as well as fire spread. However, topography also affects the spread of fire: fire fronts 141 travel faster uphill because of upward convection of heat while natural barriers such as rivers, lakes, and rocky
142
outcrops can act as natural barriers to fire fronts.
143
On longer time scales (i.e., seasons to years) and larger spatial scales (i.e. regional to continental), temperature and 144 precipitation exert a major effect on fire because these climate variables influence net primary productivity (NPP),
145
vegetation type and the abundance, composition, moisture content, and structure of fuels. Burnt area tends to be 146 lowest in very wet or very dry environments, and highest in areas of intermediate water availability. Related to this,
147
burnt area is greatest at intermediate levels of NPP and decreases with both increases and decreases in productivity.
148
These unimodal patterns along precipitation or productivity gradients emerge due to the interaction between moisture 149 availability and productivity: dry areas have low NPP which limits fuel availability and continuity, while NPP and
150
hence fuel loads are high in wet areas but the available fuel is generally too wet to burn. Temperature exerts an
151
influence on the rate of fuel drying in addition to its influence on NPP. Seasonality in water availability also plays a
152
role here: for any given total amount of precipitation, fire is more prevalent in seasonal climates because fuel 
198
Some empirical models include human impacts on fire occurrence. Typically, algorithms are used that link fire 199 probability/frequency to both an estimate of lightning ignition and to human population density. 
202
( Table 1 ). The simulated number of fire counts are then converted into burnt area using an "expected fire size" (Table 1) . 
245
The SPread and InTensity of FIRE (SPITFIRE) model ( 
288
The impact of fire on vegetation operates through combustion of available fuel, plant mortality, and triggering of 289 post-fire regeneration. There is more similarity in the treatment of fire impacts between models than many other 290 aspects of fire.
291
Biogeosciences 
296
Post-fire vegetation mortality is generally represented in a relatively simple way in fire-enabled DGVMs (Table 2) . 
300
Canopy height relative to flame height (which is a function of fire intensity) determines the extent of crown 301 scorching. Bark thickness, which scales with tree diameter, protects against damage to the trunk, such that thicker-
302
barked trees have more chance of surviving a fire of a given residence time. LPJ-SPITFIRE uses a similar approach 303 except that bark thickness scales with tree diameter, which, together with canopy height depends on woody biomass.
304
LMfire includes a simple representation of size cohorts within each PFT, with the bark thickness scalar being defined 
309
Since thinner-barked trees are more likely to be killed by fire, the distribution of bark thickness within a population 310 changes in response to fire frequency and intensity.
311
LPX-Mv1 (Kelley et al., 2014 ) is the only model to date to incorporate an explicit fire-triggered regeneration 312 process, through creating resprouting variants of the temperate broad-leaved and tropical broad-leaved tree PFTs.
313
Resprouting trees are penalised by having low recruitment rates into gaps caused by fire and other disturbances. 
378
The selection of target data sets, in particular how to deal with differences between products and uncertainties, is an 379 important issue in benchmarking. There are, for example, multiple burnt area products (e.g. GFED4, L3JRC,
380
MCD45, and ESA MERIS: see Table 3 ). In addition to the fact that all of these products systematically (Table 3) . Differences between products are lower (though still substantial) in the tropical savannas than elsewhere; 385 extra-tropical regions are the major source of uncertainty between products (Fig. 3a) . The same is true for interannual 386 variability (Fig. 3b) , where differences between products are higher in regions where total burnt area is low. Most 
388
even for the sign of regional changes (Fig. 3c) . These types of uncertainties, which are also characteristic of other 389 data sets, need to be taken into account in model benchmarking-either by focusing on regions or features which are 390 robust across multiple products or by explicitly incorporating data uncertainties in the benchmark scores (see e.g.
391
Hargreaves et al., 2013).
392
Process analyses can provide an alternative approach to model evaluation. The idea here is to identify relationships 393 between key aspects of a system and potential drivers, based on analysis of observations, and then to determine 
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Red arrows show feedback from fire. 
829
Outputs from models functioning at level 1 can be used to derive higher-level outputs, but it is not possible to work 830 backwards (i.e. empirical relationships between burnt area and environmental drivers will not allow for assessment
831
of changes in fire number and fire size). Currently there are fire routines in global DGVMs that represent all of these 832 levels of complexity (see Table 1 ), and it remains to be decided how much detail is required. 
